This paper is the fourth in a series whose purpose is to study the interstellar abundances of sulfur, chlorine, and argon in the Galaxy using a sample of 86 planetary nebulae. Here we present new high-quality spectrophotomet- 
INTRODUCTION
This is the fourth paper in a project to study abundances in planetary nebulae (PNe), highlighting the elements sulfur, chlorine, and argon. The motivation to focus on these three elements has been the realization that their abundances are unaffected by nucleosynthesis in the progenitors of PNe. In contrast to elements like carbon, nitrogen, and oxygen, whose current nebular abundances can be profoundly different from the those in the original star, the sulfur, chlorine and argon abundances we measure now in a nebula are representative of the original composition of the progenitor star. In this way, PNe can provide information on both current and past chemical composition of the interstellar medium in the Galaxy, and can be used to evaluate theoretical yield predictions from stellar evolution models.
The three preceding papers in this series (Kwitter & Henry 2001 spectrophotometry and abundance analyses of a total of 56 primarily type II (disk) PNe in our Galaxy. In the present paper we present new spectrophotometry and abundances for 20 more objects. In the final paper, we will also include results from 10 PNe originally observed for another project, bringing the total in our sample to 86.
In §2 we describe the observations and data, and in §3 we present our results; a summary is given in §4. Both CTIO and KPNO CCD's produced fringing at wavelengths beyond ∼7500Å.
Assuming less than ideal fringe removal via dome flats, the fringe amplitudes range from roughly ±1% at 7500Å, to ±9.8% at 9500Å, the longest wavelength we measure. We note this contribution to the uncertainty in our line intensities measured at wavelengths longer than 7500Å.
Many of these PNe are relatively small in angular size; in those cases, we placed the spectrograph slit on the brightest part of the nebula as seen on the acquisition screen, avoiding the central star if it was visible. We obtained the usual bias and twilight flat-field frames each night, along with HeNeAr comparison spectra for wavelength calibration and standard star spectra for sensitivity calibration. The original two-dimensional spectra were reduced and calibrated using standard long-slit spectrum reduction methods in IRAF 3 . One-dimensional spectra were extracted from the original two-dimensional images interactively using the kpnoslit package. Line fluxes were measured with splot.
Our measured line strengths are tabulated in Tables 2A-C. For each line identification in the first column we list the relative extinction factor f(λ) followed by two columns for each object containing the observed [F(λ)] and dereddened [I(λ)] line strengths normalized to Hβ=100. Observed fluxes were dereddened using the extinction curve of Savage & Mathis (1979) , where each dereddened intensity was obtained by multiplying the observed flux by the factor 10 cf λ , where c is the logarithmic extinction factor and f λ is the reddening coefficient. We assumed Hα/Hβ=2.86 (Hummer & Storey 1987) . Values for the logarithmic extinction factor c and log F Hβ in erg cm −2 s −1 , the Hβ flux as measured through the slit are found at or near the bottom of each table. Estimated uncertainties for line strengths are represented using colons, as defined in the table footnotes.
To test the accuracy of our extinction factor, c, we determined separate values using the Paschen 10 and Paschen 8 lines at 9014Å and 9546Å, respectively. Ideally, these c values should match the one inferred using Hα, i.e. the one listed in the line strength tables.
This comparison is shown in Table 3A , where for each object we list the three values of c.
Recombination data required for this exercise were taken from Osterbrock (1989, Table 4.4) .
These values are further compared in Fig. 1 , where we plot c(P10) or c(P8) versus c (Hα) and include a straight line to show the ideal one-to-one relation. Overall, the trend is as anticipated, but with a typical difference of ∼0.15 between c(Hα) and either c(P10) or c(P8).
As a check on the quality of the data and measuring accuracy, we list in Table 3B In §3 we employ the dereddened intensities to determine electron temperatures, densities, and abundances.
ISO Data
We were able to obtain pre-publication estimates of ISO SWS fluxes for [S IV] 10.5µ
and Brα 4.05µ for the six PNe in Table 2A As a first-order check on our sulfur ICF, we were able to use the ISO data described above for the six PNe in Table 4A to calculate the ionic abundance of S  +3 from the [S IV] 10.5µ line, using collision strengths and transition rates from Mendoza (1983) . These results, labelled "IR" are compared in Table 5 (Hyung & Aller 1996) , and where the (uncertain) ICF value of S +3 /H + is about eight times that indicated by the (very uncertain) 10.5µ line, the ratios for the other PNe, some also fairly uncertain, range from 0.22 to 0.88. So, while not as close as one might wish, the values in Table 5 are not excessively discordant, considering the uncertainties in the ISO calibrations, in the conversion of infrared fluxes to intensity ratios with Hβ, and in the different nebular areas sampled.
As a second comparison with ISO data, we used fluxes for the [Ar III] 8.99µ line.
In Grevesse et al. (1996) and Esteban et al. (1998) , respectively. In all cases the sulfur abundance is based upon the use of S + and S +2 , along with the relevant ICF. In Table 6A we also list the final sulfur abundance determined using the S +3 reported in Table 4A for comparison. Clearly, the discrepancies associated with S +3 that were noted when the ion abundances were considered above have been suppressed because of the dominant influence of the S +2 abundance. other results, considering all of the uncertainties.
As we have seen previously, the ratios S/O, Cl/O, and Ar/O appear to be constant over the metallicity range as gauged by O/H. This is consistent with the idea that these four elements are formed by stars belonging to the same mass range. In our final paper in the series we plan to explore this idea in detail, employing chemical evolution models in order to evaluate current predictions of stellar nucleosynthesis.
SUMMARY
In this, the fourth paper in a series investigating the abundances of S, Cl, and Ar in planetary nebulae and the Galactic interstellar medium, we report on spectrophotometric observations of 20 Galactic PNe, where our spectral coverage extended from 3700-9600Å.
We also calculate electron temperatures and densities, as well as ion and element abundances In the next (final) paper we will compile results from all papers in this series and search for trends among the data. In addition, we plan to apply chemical evolution models to our data in an attempt to evaluate the quality of published stellar yields for O, S, Cl, and Ar, as well as to assess the role of Type Ia supernovae in the cosmic buildup of these four elements.
We thank the TACs at KPNO & CTIO for granting us observing time, to the local staff there for their assistance, and to the IRAF staff for their ready answers. We are extremely grateful to M.J. Barlow and X. 
He I He II λ6038 He II λ8236 -0.59 Table 2B . Line Strengths He II + H10 λ3797 0.27 3.6 3.6 4.2 4.4 3.5 4.5 3.6 4.6 3.4 4.6 · · · · · · 3.0:: 3.2:: 3.3 3.8
He II + H9 λ3835 0.26 8.9 8.9 6.5 6.8 5.1 6.6 7.6 9.6 6.9: 9.2: 1. Table 2B -Continued
He I λ5876 -0.23 11.4 11.4 15.7 15.1 18.7 15.0 10.8 8.7 11.9 9.2 14.2 13.0 7.5 7.2 12.0 10.7 Table 2B -Continued b Flux calibration from another night had to be used for wavelengths below 5700Å; night-to-night agreement among calibrations is generally good, and should not affect the line intensities substantially. Intensities relative to Hα for lines beyond 5700Å are unaffected.
c ergs cm −2 s −1 in our extracted spectra a Grevesse et al. (1996) b Esteban et al. (1998) , Table 19 , gas + dust a Grevesse et al. (1996) b Esteban et al. (1998) , Table 19 , gas + dust a Average abundance ratios for a sample of planetary nebulae from Kingsburgh & Barlow (1994) b Average abundance ratios for a sample of planetary nebulae from Aller & Keyes (1987) c Grevesse et al. (1996) d Esteban et al. (1998) , This manuscript was prepared with the AAS L A T E X macros v5.0. 
